Objectives: Neurofibromatosis (NF) is a genetic disease with multiple clinical manifestations that can significantly impact quality of life (QOL). Clinical trials should include patient-reported outcomes (PROs) as endpoints to assess treatment effects on various aspects of QOL, but there is no consensus on the selection and use of such measures in NF. This article describes the PRO Working Group of the Response Evaluation in Neurofibromatosis and Schwannomatosis (REiNS) Collaboration, its main goals, methods for identifying appropriate PRO measures for NF clinical trials, and recommendations for assessing pain intensity.
Neurofibromatosis (NF) is an umbrella term for 3 different neurogenetic diseases: neurofibromatosis type 1 (NF1), neurofibromatosis type 2 (NF2), and schwannomatosis, which share some features 1 and predispose patients to multiple nerve sheath tumors. 2 These diseases each have their own distinct clinical manifestations, including chronic pain, large tumors, bone abnormalities, skin disorders, hearing problems, and learning disabilities, [2] [3] [4] all of which can negatively affect quality of life (QOL). Clinical trials of new treatments for NF manifestations are critical to reduce the morbidity of these diseases and improve QOL. Outcome measures that can be used as response endpoints are important for assessing the impact of treatments on clinical manifestations and everyday functioning. This article will focus on patient-reported outcomes (PROs) and the process of achieving international consensus regarding their use in NF clinical trials.
The term "PRO" was suggested by the US Food and Drug Administration (FDA) to include "any report of the status of a patient's health condition that comes directly from the patient." 5(p2) PROs are based on the patient's subjective experience, or, if necessary, from others on their behalf (e.g., parent proxy for young children). PROs assess different domains, such as general or disease-specific QOL or conditionspecific symptoms (table 1) . 6 PROs are beneficial on several different levels. 7 In research, PROs are valuable because they add a unique source of information that is not addressed by primary medical outcomes of a clinical trial. 8 PROs provide data about the positive or negative effects of a treatment or intervention, such as a reduction in symptoms (e.g., pain) or the development of toxicities (e.g., nausea). PROs also are useful for identifying patients' clinical needs, 9 assessing population health, and determining public policy. 7 The inclusion of PROs as trial endpoints is supported by the US FDA and European regulatory agencies, which led to the development of an international group to harmonize criteria regarding the use of PROs across countries 10 and an FDA document providing guidance for utilizing PROs in drug approval and labeling claims. 5 Clinical trials for the treatment of tumor manifestations of NF, such as plexiform neurofibromas, 3 have only started in the past decade. Due to the location, size, and invasive nature of NF-related tumors, complete surgical resection is often difficult and has limited success, demonstrating the need for additional treatment modalities. 11 Furthermore, most of these tumors are benign and slow-growing, indicating that endpoints other than tumor shrinkage or survival, such as those assessing clinical and functional changes, are essential. In particular, PROs are useful in trials for conditions that are disabling and chronic like NF, where instead of a cure, symptom reduction and improved functioning and QOL currently are the main treatment goals. 12 Finally, the FDA supports the use of PROs in NF clinical trials, especially for assessing changes in symptoms such as pain (personal communication, S. Plotkin and B. Widemann, March 12, 2012) . Thus, PROs are important endpoints in clinical trials for NF-related manifestations.
Despite this need, there are challenges to including PROs in trials for individuals with NF. Specifically, few PRO measures have been developed or validated for use with the NF population, newly developed disease-specific scales do not yet assess children, and some general QOL measures do not target all the domains that need to be assessed in NF, such as cognitive function. Typically, measures designed for other chronic illnesses have been utilized in NF studies to date. However, PRO measures need to be reliable and valid within the specific populations under study. 5 Furthermore, trials to evaluate treatments for NF manifestations may include a wide age range of participants, from children through adults. Very few PRO measures assess individuals throughout the lifespan, and methodologic problems arise with using separate measures for different age groups. In addition, limited child self-report forms exist despite consensus about the importance of assessing PROs in Table 1 Different types of patient-reported outcomes (PROs)
Type of PRO Characteristics
General QOL Include general health questions; cover a broad range of domains (physical, emotional, social)
Less related to disease/treatment; affected by nonmedical factors
Facilitate comparisons among healthy and disease groups
Disease-specific QOL Focus on domains (e.g., physical, emotional, social, cognitive) affected by a specific disease (e.g., NF1, NF2, schwannomatosis) children. 13 Finally, the inclusion of PROs in clinical trials is complicated by the additional burden on patients and staff to complete these assessments, the perception by some that PROs are a "less important" outcome measure, lack of familiarity with these types of measures and data, and limited resources to support PRO studies. For these reasons, achieving consensus regarding the use of PROs in NF clinical trials is difficult.
To address the multiple challenges of using PRO measures as endpoints in NF clinical trials, the PRO Working Group was formed as part of the Response Evaluation in Neurofibromatosis and Schwannomatosis (REiNS) International Collaboration. This article describes the REiNS PRO group, its main goals, and the development of its systematic process for review of PRO measures, using the pain intensity subdomain as an example. This information will illustrate the group's rigorous efforts to identify appropriate PRO measures and methodologies for use in NF clinical trials and support the current and future consensus recommendations offered by the REiNS Collaboration.
METHODS The REiNS Collaboration was formed to address the need for appropriate, standard, and consensus endpoints in clinical trials for individuals with NF (see Plotkin et al., this supplement). The PRO Working Group is one of several REiNS subcommittees charged with identifying outcome measures to use as NF trial endpoints. Currently the PRO group has 12 active participants consisting of professionals from various disciplines who work with individuals with NF, including psychologists, physicians, a nurse practitioner, a genetic counselor, a clinical research coordinator, and a patient advocate from around the United States and the United Kingdom.
Goals of the REiNS PRO group. The initial phone and Web conference of the PRO group was in August 2010. The members agreed that our main goals were to 1) identify core endpoint domains relevant to NF clinical trials, 2) select a pool of PRO measures assessing these domains, 3) develop a systematic and scientifically sound process for reviewing these measures, and 4) provide methodologic guidelines regarding the use of PROs in NF clinical trials.
Core PRO endpoint domains. The group researched, discussed, and generated 4 core endpoint domains important to assess in the NF population as part of a clinical trial: 1) pain, 2) functional disability, 3) disease-specific QOL, and 4) general QOL. Some of these domains are comprised of various subdomains. For example, the assessment of pain includes measures of pain intensity, pain interference, and pain behavior.
Development of the PRO rating form. Since there are numerous PRO measures assessing these various endpoint domains, the group established a systematic method for reviewing, rating, and recommending measures for use as NF clinical trial endpoints. The group generated a list of criteria that are important to consider when choosing outcome measures. For guidance, members reviewed publications describing criteria that have been used by other groups 14 and the FDA. 5 The group leader also talked to members of the Childhood Oncology Group who are involved in similar tasks (P. Hinds, personal communication, November 8, 2010) so that our procedures would be consistent with the methodologies used by other PRO working groups.
Based on this information, the group generated a rating form to identify PRO measures for NF clinical trials, named the PRO-RATE (Patient-Reported Outcomes Rating and Acceptance Tool for Endpoints). The criteria and information considered when rating an outcome measure on a scale of 0 to 3 are listed in table 2. The systematic process, outlined in table 3, involves nominating measures, reviewing selected measures using the structured rating criteria, and reaching a consensus regarding each measure's suitability for use in NF clinical trials. It is important to note that this is a dynamic process by which the group may re-review measures and update guidelines based on newly developed scales and additional published data.
RESULTS
To date, the PRO group has completed 18 reviews of outcome measures in the pain and functional disability domains. To provide an example of the systematic process developed for rating PRO measures, this article presents the results of our group's critical review of outcome measures in the pain intensity subdomain.
Based on information gathered about various pain intensity measures through member nominations and literature reviews, including consensus articles from other pain working groups, 15, 16 we chose to conduct full reviews of the Numerical Rating Scale-11 (NRS-11), 17 the Visual Analogue Scale (VAS), 18 and the Faces Pain Scale-Revised (FPS-R; figure). 19 As an example of our rating system, the NRS-11 rating is discussed in detail and the final group ratings of the 3 measures are compared in table 4.
NRS-11. The NRS-11 is a 1-item measure consisting of a horizontal line with numbers from 0 to 10 spaced equidistant along the line to rate pain intensity. 17 Respondents are asked to circle the 1 number that best represents their pain. The wording on the anchors varies, but typically 0 represents no pain and 10 represents very much pain or the worst pain the patient can imagine. The time frame can vary as well, so respondents may be asked to rate their current pain or pain during the past week.
Patient characteristics. The NRS-11 can be administered reliably to individuals ages 8 years and older, 20, 21 although recent studies have shown support for use of the measure with children as young as 6 years. 22 It has been used with a variety of patient populations, including those with acute postoperative pain 23 and chronic pain from cancer, 5, 24 fibromyalgia, 25 and complex regional pain syndrome. 26 In addition, the NRS-11 is reliable and valid with the elderly and with individuals with cognitive impairment. 27, 28 It also is used clinically in many outpatient and inpatient medical settings. However, no normative data exist for the NF population.
Use in published studies. The NRS-11 has been used extensively in published studies, sometimes as a standalone measure 24 and sometimes embedded within a comprehensive pain scale such as the Brief Pain Inventory (BPI). 29 The NRS-11 has been utilized as an outcome measure in clinical trials, and adult and pediatric pain experts have recommended it as a measure of pain intensity in research for individuals ages 8 years and older. 15, 21, 30 This item of the BPI also meets the PRO recommendations put forth by the FDA. 31 However, the NRS- 11 has not yet been used in published studies with individuals with NF.
Domains assessed/item content. The NRS-11 measures the construct of pain intensity only, which is an important construct to consider in individuals with chronic pain, including those with NF. The FPS-R ratings may be influenced somewhat by affective responses to the facial expressions.
Scores available. The score obtained on the NRS-11 is a single integer number between 0 and 10. Some debate exists about whether scores should be interpreted as interval or ratio data, since the difference between each integer may or may not be equal. 32 Researchers also have pointed out that the meaning associated with a particular number may vary between patients, (i.e., one person's rating of 10 may mean something different than another person's 10). 21 While this is an important consideration for cross-sectional studies, it is not an issue when assessing pain longitudinally within patients in clinical trials. Psychometric data. The NRS-11 shows excellent testretest reliability in children 33 and adults, 34 including individuals who are illiterate. 35 Correlations with other pain intensity measures, such as the FPS-R 20 and VAS, 21 support the construct validity of the NRS-11. Additionally, the tool shows good sensitivity to change over time in both pediatric and adult studies 33, 34 and may be more responsive than the VAS and FPS-R. 36 The FPS-R has only 6 response choices, which may be limited further by some of the more painful facial expressions that are less appropriate for chronic pain populations. Concerns about reliability and validity have been noted with respect to the need for standardized instructions 37 and clinically meaningful change in children, 38 particularly in those younger than 8 years or those who may have NF-related learning or attention deficits. Additional preadministration screening may be required to ensure they understand the quantitative numbering of the NRS-11.
Feasibility. The NRS-11 is a free, publicly available measure that takes less than 1 minute to administer and score. It is well accepted in children through adults, is easily integrated into clinic settings, and can be administered verbally, including over the telephone. 33 Some studies have found better compliance from patients using the NRS-11 compared to the VAS. 37 Also, the VAS line length may become distorted by faxing or printing, possibly affecting ratings, and scoring requires the extra step of measuring with a ruler. While pediatric studies suggest that younger children prefer the FPS-R, 20 more adolescents and adults seem to prefer the NRS-11. 20,36 Furthermore, the NRS-11 has been validated in many languages and cultures and is easily translatable. 22, 35 Overall impressions. The NRS-11 is a reliable and valid measure of pain intensity for ages 8 years and older that has been utilized in numerous studies, including as a primary outcome measure, and has been recommended for clinical trials by consensus groups and pain experts. 15, 21, 30 Further, its feasibility and ease of use make the NRS-11 a good option for NF clinical trials. Additional research is needed to evaluate its use in Table 3 Full review and rating process of PRO measures
Step Mini reviews of a scale by one member may help decide whether a full group review is needed
Step 2: Prepare for the review of a measure New group members observe at least one review prior to participating
The group chair and lead reviewer conduct a thorough literature review for each measure Articles that describe the measure, validation process, and use in descriptive studies and clinical trials are posted on our document-sharing site 2 weeks prior to the call Members review the scale and articles and rate according to PRO-RATE criteria
Step 3: Group review and rating of a measure by telephone and Web conferencing
More than 50% of active members need to participate in a review
Completed PRO-RATE forms may be e-mailed to the chair if members cannot attend Each member explains his or her rating from 0 to 3 for each of the 6 PRO-RATE criteria Discrepant ratings are discussed to ensure members are aware of all the information Members agree on a final rating for each criteria; if rating discrepancies remain, the mean is taken for that criteria and outstanding issues are noted Pros and cons are summarized; the final score is the total mean of the 6 criteria
The group discusses whether the measure could be a primary or secondary outcome measure
The group determines whether any additional information is needed to reach a final decision
The group decides whether a second review and rating is planned to consider new information young children and to assess the effect of different scale anchors and administration instructions. 38 Among the measures of pain intensity reviewed by the PRO group, the NRS-11 received the highest overall rating (table 4). All 3 scales are reliable and valid tools and could be used to assess pain intensity in various populations. However, our group's current consensus is that the NRS-11 is the most appropriate scale of pain intensity for use as a primary outcome measure in clinical trials for NF in ages $8 years. Depending on the study, it also may be important to assess other subdomains such as pain interference and pain behavior due to the multifaceted nature of chronic pain. 16 DISCUSSION Within the REiNS Collaboration, the PRO group is leading the effort to systematically examine PROs and issue guidance regarding the core endpoint domains, the criteria that PRO measures should meet for use as an endpoint, and the selection of measures appropriate for NF clinical trials. Our multidisciplinary group determined that the most important PRO endpoint domains for NF clinical trials are pain, functional ability, disease-specific QOL, and general QOL. Further, our group developed a systematic process for reviewing and rating PRO measures. The information generated by our working group is utilized by the REiNS International Collaboration to achieve consensus recommendations on the use of PROs in NF clinical trials, which will be disseminated to the NF research community. Our extensive review of pain intensity measures has led us to suggest that the NRS-11 be used to assess this endpoint domain in NF trials. According to the PRO-RATE criteria, it is a well-researched scale for ages 8 years and older that is reliable, valid, simple, and feasible. There are advantages and disadvantages to using any measure, but the group agreed that the pros of the NRS-11 outweigh the cons, particularly for multicenter NF clinical trials enrolling a wide age range of patients. Other pain intensity scales the group reviewed may be acceptable for specific studies, for example, if the age ranges are limited to young children or if interval data are preferred for testing a certain hypothesis. Additional measures may need to be administered along with the NRS-11, such as a pain interference scale or a body diagram to assess pain location. It is important to note that any measure by itself does not guarantee a reliable and valid PRO assessment. Sound study design, appropriate administration, and proper analysis and interpretation are as crucial as the measure selected and should be carefully addressed in NF clinical trials to ensure appropriate PRO data.
Despite our best efforts, there are limitations to our system and recommendations. We are a small unfunded group with time constraints from other professional responsibilities. Although the group thoroughly searched the literature, the members may not have identified every PRO measure that might be applicable to NF clinical trials or every paper about each measure. Even when identified measures are rated highly, they still may need to be validated in the NF population or have other limitations. Outcomes of our work should be considered as guidelines for establishing REiNS consensus recommendations to improve the comparability of clinical trials.
A final goal of the PRO subcommittee is to provide expertise and generate recommendations regarding the methodology of using PROs in NF clinical trials. To obtain valid data, it is critical to develop the PRO objectives early in the protocol design, select the most appropriate PRO measures that fit the study population and objectives, train staff in PRO administration, and use appropriate data analysis procedures. Currently, some members are working with other REiNS groups as well as the NF Consortium to provide expertise regarding PRO methodology. For example, several PRO group members worked with the visual outcomes subcommittee to help select a scale for measuring vision-related QOL (see Fisher et al., this supplement), other REiNS groups adapted the PRO-RATE form for reviewing outcome measures in their domains, and PROs have been included in several NF Consortium clinical trials.
The PRO group's future plans include reviewing and rating measures in the remaining core endpoint domains. The members also await further information on new scales that were previously reviewed before setting final guidelines. Subsequently, the group will focus on PRO measures for children younger than 8 years and explore possible electronic assessment approaches. Members also plan to conduct validation studies with NF samples. Finally, to disseminate the REiNS PRO consensus recommendations to the research community, the group aims to publish a series of papers and post the final recommendations on the REiNS Web site www.reinscollaboration.org.
CONCLUSIONS In patients with a chronic medical condition like NF, endpoints assessing clinical effects are useful for trials aimed at reducing tumor size or improving other disease complications. Thus, reliable, valid, and feasible PRO measures that are appropriate for use with individuals with NF are sorely needed. The systematic review process developed by the REiNS PRO group has proven to be effective. The group will continue to identify the most appropriate PRO measures for individuals of all ages with NF who may be enrolled in future clinical trials using this process, develop sound methodologies for use of these important endpoints, and disseminate consensus recommendations to the NF research community.
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